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Addiction across species
translational research on 

the neural mechanisms of drug addiction



Addiction is a brain disease

“Pure psychoactive drugs and direct routes of administration ... are 
inherently pathogenic because they bypass adaptive information 
processing systems and act directly on ancient brain mechanisms that 
control emotion and behavior. Drugs that induce positive emotions give a 
false signal of a fitness benefit. This signal hijacks incentive mechanisms 
of “liking” and “wanting,” and can result in continued use of drugs that no 
longer bring pleasure.”

Nesse & Berridge, 1997, Science 278:63-66
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Addiction is a brain disease

“Addiction is not a disease, it is a matter of choice and lack of willpower”

If choice: drug use, not addiction

Drugs abundantly available, use pervades our society

Drug use inherently human- or mammalian

Emotional effects of drugs bypass adaptive information processing, as well 
as cognitive control mechanisms



Translational approaches on addiction

Addictive behavior in animals
-loss of control over intake

Common neural mechanisms in humans and animals
-role of striatal dopamine D2 receptor density

Animal data leading to pharmacotherapy in humans
-glutamate signalling in nucleus accumbens



Addiction = Loss of control over drug use

DSM IV Criteria for Substance Dependence:

Pattern of drug abuse causing significant harm or suffering, as 
characterized by three or more of the following:

1. Tolerance

2. Withdrawal symptoms

3. Drug use in larger amounts or during longer periods than initially 
intended

4. Difficulty in restricting drug use

5. Great deal of time devoted to procuring and consuming drugs, and 
recovery from drug use

6. Important social or professional activities given up in favor of drug-
related activities

7. Drug use continued despite knowledge of adverse consequences

Loss of control



Addictive behavior in animals

Nicotine

Cocaine

Amphetamine

Intravenous drug self-administration:
Progressive ratio schedule



Addictive behavior in animals

Conditioned suppression of cocaine seeking:
‘Persistent drug seeking in the face of adversity’ (cf. DSM IV)

Hypothesis: 
Ability of an aversive stimulus to suppress cocaine seeking diminishes 
after prolonged self-administration

Rats trained to seek and take cocaine

Fear conditioning: CS-footshock pairings
CS-shock group vs Control group

Conditioned suppression test: 
Cocaine seeking during footshock-CS



Addictive behavior in animals

With prolonged drug experience, control over drug intake is lost:
Insensitivity to external interference ~ warning signals

Vanderschuren & Everitt, Science 305:1017-1019, 2004
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Addictive behavior in animals

Inflexible and indifferent alcohol intake in mice:
Insensitivity to bitter taste

Lesscher, van Kerkhof & Vanderschuren, Alcohol Clin Exp Res, 2010

Heidi Lesscher



Common neural mechanisms in humans and animals

Reduced striatal dopamine D2 receptor density

Addiction to cocaine, methamphetamine, alcohol and heroin

Volkow et al., Synapse 14:169-177, 1993; -, Am J Psychiatry 158:2015-2021, 2001; Tupala et al., Mol 
Psychiatry 6:261-267, 2001; Heinz et al., Am J Psychiatry 161:1783-1789, 2004; Martinez et al., 
Neuropsychopharmacology 29:1190-1202, 2004; Zijlstra et al., Eur Neuropsychopharmacol 18:262-270, 2008



Common neural mechanisms in humans and animals

Reduced striatal dopamine D2 receptor density
Cause or consequence of addiction?

Volkow et al., Am J Psychiatry 156:1440-1443, 1999; Morgan et al., Nat Neurosci 5:169-174, 2002; Dalley et 
al., Science 315:1267-1270, 2007; Belin et al., Science 320:1352-1355, 2008

Lower striatal D2 receptor density predicts:
-Pleasurable response to methylphenidate
-Enhanced cocaine self-administration and 

addictive behavior in rats and monkeys
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dominant



Common neural mechanisms in humans and animals

Reduced striatal dopamine D2 receptor density
Cause or consequence of addiction?

Porrino et al., Neurosci. Biobehav. Rev. 27:813-820, 2004; Nader et al., Nat Neurosci 9:1050-1056, 2006

Prolonged cocaine self-administration lowers striatal D2 receptor density



Animal data leading to pharmacotherapy in humans

Cocaine self-administration alters glutamate signalling in nucleus accumbens

Kalivas, Nat Rev Neurosci 10:561-572, 2009
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Animal data leading to pharmacotherapy in humans

Restoration of altered glutamate signalling reduces cocaine seeking

Baker et al., Nat Neurosci 6:743-749, 2003; Moran et al., J Neurosci 25:6389-6393, 2005; LaRowe et al., Am J 
Psychiatry 164:1115-1117, 2007; Zhou & Kalivas, Biol Psychiatry 63:338-340, 2008; Knackstedt et al., Biol 
Psychiatry 65:841-845, 2009; Moussawi et al., Nat Neurosci 12:182-189, 2009



Summary & conclusions

Animals show clear signs of addictive behavior

Drug use causes common neural changes in humans and animals

Counteracting drug-induced brain changes reduces drug seeking in
humans and animals

Addiction is a brain disease
-chronic relapsing
-loss of control over drug intake
-drug-induced changes in brain systems involved in emotions, motivation, 

habit formation and cognitive control

Research in humans and animals has greatly contributed to our
understanding of the neurobiology of drug addiction and its
possible treatment
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The real reason why dinosaurs became extinct


